Meiosis after fertilization was examined in temperature-sensitive embryonic arrest mutants, emb-1 (hc 57) and emb-3 (hc 59). In emb-1 embryos, normal meiosis-I spindles were formed; however, spindles and chromosomes were subsequently deformed and no polar body was produced. In emb-3, meiosis-I spindles were disorganized, positioning of chromosomes was abnormal and all chromosomes were often extruded as a single large polar body. These results suggest that emb-3 but not emb-1 is required for meiosis-I spindle formation and that emb-1 but not emb-3 is required for polar body formation. Jpn. J. Nematol. 31 (1/2): 12-18 (2001).
RESULTS
In C. elegans, oocytes rested at the diakinesis stage, which is the final stage of the meiosis-I prophase, resume the meiotic process upon fertilization and quickly enter metaphase. To visualize oocyte nuclei in the meiotic process, microtubules and chromosomes were stained by an anti-tubulin antibody and DAPI. In wild-type embryos, the meiotic spindle is spherical or barrel-shaped in both meiosis-I and-II, and the six bivalent chromosomes are arranged pentagonally with one of them in the center ( Fig. 1 af) . The meiosis-I spindle becomes detectable before completion of the egg shell formation. After producing the first and second polar bodies, both oocyte and sperm pronuclei are reconstructed ( Fig. 1g , h). In emb-1 (hc 57) embryos, the shape of the meiosis-I spindle and positioning of the six bivalents were apparently normal ( Fig. 2 a, b ). Quite differently from the wild-type embryo, however, the chromosomes began to decondensate or unfold to look like thin strings ( Fig. 2d, f) . Similar chromosomal decondensation occurred in sperm chromosomes at a slightly later stage of meiosis than that seen in oocyte chromosomes (not shown). The spindles were deformed during chromosomal decondensation, and no meiosis-II spindles were formed ( Fig. 2 c, e ). The production of polar bodies was never observed in emb-1 (he 57) embryos. About 40% (n=22) of emb-3 (he 59) embryos displayed deformed meiosis-I spindles where the bivalents were mispositioned ( Fig. 3 a, b ). All or some of the chromosomes were extruded from oocytes as single large polar bodies ( Fig. 3 c, d) . Therefore, embryos often became aneuploid or haploid with only sperm-derived chromosomes. Many of such haploid embryos developed normally during early embryogenesis ( Fig. 3 e ), but eventually arrested as abnormal masses of several hundred cells.
DISCUSSION
We observed barrel-like meiotic spindles in wild-type C. elegans fertilized eggs, as reported by AL-BERTSON (1). Six bivalents were arranged pentagonally with one of them in the center. Because such a bivalent configuration is not observed in mature oocytes before fertilization, bivalents must be configured after fertilization during meiotic spindle formation.
Both emb-1 and emb-3 mutations that affect early embryogenesis were found to cause defects in meiosis after fertilization. The emb-1 and emb-3 mutants show temperature-sensitive maternal effect, and their temperature-sensitive periods occur before the 1-or 2-cell stage and probably before fertilization (7) . Conceivably, the products of these genes are provided from oocytes to promote meiosis. Although emb-1 and emb-3 are both required for meiosis, they play distinctly different roles. The emb-3 gene, on one hand, seems to be required to participate in the formation of meiosis-I spindles. The gene emb-1, on the other hand, appears to execute an essential function in producing polar bodies. Possibly,01 the functional expression of emb-3 precedes that for emb-1 during meiosis.
The genes mei -1 and zyg -9 are also required for meiosis after fertilization (3, 6) . mei -1 encodes a member of ATPases, and zyg-9 encodes a protein similar to microtubule associated proteins. Both of them are components of the meiotic spindles and poles (4, 6) . Mutations in these genes disrupt meiosis- I spindles and show amorphous clouds of anti-tubulin staining surrounding chromosomes (4, 6) . The anti-tubulin staining pattern for these mutations is quite different from that for emb-3 ( Fig. 3 a) . Although emb-3 spindles are disorganized, microtubules are still organized and spindle poles keep their morphology in clear shape. Therefore, unlike mei-1 and zyg-9, emb-3 does not appear to be required for spindle organization itself. Probably, emb-3 functions in the proper arrangement of the spindle parts, poles, microtubules, and/or chromosomes.
